The agreement for the total score, i.e. the sum of the single indexes, was high in the NBG (k 0.73) and intermediate in WBG (k 0.57). Agreement for glomerulosclerosis and total score rose consistently in both groups along with the increasing number of biopsy glomeruli. There was an agreement as to biopsy and kidney evaluation for fitness for transplantation in 85% of NBG and 81% of WBG.
tion in heart transplant related reperfusion injury. 
Introduction
Every year, no more than one-fourth of patients awaiting kidney transplant receive a graft [1, 2] . This has led to the increasing use of kidneys from marginal deceased donors [3] . The pre-transplant donor kidney biopsy (PTDB) was considered useful in this setting to predict short-and long-term graft outcome [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , to supply a reference frame in the interpretation of subsequent biopsies [4, [17] [18] [19] and mandatory [4] for the assessment of kidney adequacy for single and/or double transplant, or deciding whether it should be discarded [20, 21] . Noteworthy is the fact that the number of recovered but not transplanted kidneys represents ∼50% of the subjects who died while on the waiting list, and that about two-thirds of them were discarded on the basis of biopsy results [12] . However, as biopsy provides only scanty material, its representativeness of the whole kidney remains a critical issue. Renal damage in PTDB has been evaluated by semiquantitative scoring [9] [10] [11] 13, 15, [22] [23] [24] [25] [26] [27] [28] or, occasionally, by morphometric techniques which are time consuming [29] [30] [31] and unsuitable in an emergency diagnostic setting. Both wedge (WB) and needle (NB) biopsies have been used, with conflicting opinions as to the primacy [4, 32] . The aims of this study are to elucidate how accurately PTDB represents the true histology of the whole kidney, to determine any agreement among the various morphologic chronicity parameters, to compare the reliability of wedge and needle biopsy, and to identify the smallest tissue quantity able to provide reliable data from biopsy.
Material and methods

Case selection
From January 2000 to June 2007, a total of 941 PTDB were carried out in our centre on kidneys from cadaveric donors aged ≥55 or <55 years, with a history of hypertension and/or diabetes, or deceased due to a cerebrovascular incident. The study deals with 154 PTDB from 103 donors (70 males and 33 females) aged 18-89 years (average age 66.7; SD = 1.4) and the matched 154 kidneys subsequently not transplanted for different reasons. Oblique NB was made at the upper pole using a 16-or 18-gauge core on 118 kidneys and WB on the remaining 36. WB used to be our PTDB standard procedure, but was replaced by NB once its safety was confirmed.
Biopsy and kidney processing
Biopsies were assessed in emergency, whereas the kidneys were assessed blind to the diagnosis of the matched biopsies some weeks later. Both biopsies and kidneys were stained with PAS and Masson's trichrome. Biopsies were processed only for light microscopy and were fixed, dehydrated and stained in a microwave oven. A minimum of 15 tissue sections were examined for each biopsy. Whole kidneys were routinely processed. Four samples, including cortex and medulla from upper (one), mid (two) and lower (one) parts, were selected.
Histologic scoring
The most representative histological section was used to measure the overall number of glomeruli and the percentage of global sclerotic glomeruli (GSG) in the PTDB. The median number of glomeruli was 16.5 (25th and 75th percentiles: 11 and 23) in the NB group (NBG) and 37 (25th and 75th percentiles: 21 and 120.5) in the WB group (WBG). The PTDB were subdivided in three categories according to the number of glomeruli: A (6-10 glomeruli), B (11-24 glomeruli) and C (≥25 glomeruli).
The overall number of glomeruli and GSG in the kidney specimens was quantified by a morphometric system (software Winrec, Media Cybernetics). Both biopsy and kidney specimens were evaluated according to the criteria of Karpinski et al. [26] , which include the percentage of GSG, tubular atrophy, interstitial fibrosis and vascular damage (Figure 1 ), each scored from 0-3. The total score was computed by summing the values of the individual scores. According to Remuzzi et al. [20] , kidneys may be defined as suitable for a single or dual transplant when the total PTDB scores are 0-3 or 4-6, respectively, and unsuitable when the score is ≥7.
Statistical analyses
Any differences between the groups were tested by the distribution-free tests (χ 2 or Wilcoxon's test). Correlation was estimated by the Spearman's correlation coefficient. Agreement between paired observations (i. e. PTDB vs. kidney) was measured by Cohen's kappa index [33] . Linear regression models were also used to investigate the relationship between numerical variables measured both in the kidney and biopsy. The angular transformation was used when the dependent variable was a percentage (e.g. when analysing the GSG percentage). Predicted values were computed according to a standard statistical methodology [34] . Analyses were stratified by biopsy type, but not adjusted according to the tissue weight. Statistical significance was set at 5% (P < 0.05). Any differences between the two groups were considered statistically significant when both 95% confidence intervals (95% CI) did not include the point estimate measured for the other group. SAS ® version 8.2 and STATA version 9.1 were used.
Results
Agreement evaluation for individual parameters
There was a similar k index for NB/WB and corresponding kidneys for tubular atrophy (0.54 and 0.50) and vascular damage (0.74 and 0.75) ( Table 1 ). There were 24% of discordant cases in the NBG for tubular atrophy and 19% in the WBG, with slight differences between the over and underscoring of kidney values and 16% of discordant cases for vascular damage in the NBG and 14% in the WBG, with a tendency in both of underscoring kidney values ( Table 2 ). The k value for interstitial fibrosis score was 0.34 in the NBG with 37% of discordant cases and 0.56% in the WBG with 18% of discordant cases. Interstitial fibrosis tended to be undervalued by NB, whatever the category, and overvalued in the WBG for Category C (Table 2) . The GSG score k index was 0.55 for the WBG and 0.18 for the NBG (0.18). Agreement on the GSG score rose in both groups along with the increase in the number of glomeruli present on the biopsy, with a tendency for the biopsy to overestimate the damage ( Table 2 ). The glomerular score was overestimated in 33/118 NBs. However, a large proportion of these samples showed values close to the cutoff value (20 %) used to divide score 1 from score 2. Indeed, 27/33 cases scored 1 on the whole kidney that were scored 2 at biopsy: 11 of them showed between 20% and 24%, and 8 between 25% and 29% of GSG.
Detailed glomerular sclerosis evaluation
Although there was a good correlation between the GSG percentage in the biopsy and the corresponding kidneys, with a Spearman coefficient of 0.63 (P < 0.0001) for NB and 0.76 (P < 0.0001) for WB (Table 3) , both biopsy types overrated glomerulosclerosis. Medians were 13% in the NBG and 22% in the WBG vs. 7.5% and 10% in their corresponding kidneys (P < 0.0001). Similar results were provided by the regression analysis on data stratified according to the biopsy group (NBG and WBG) and category (A, B, C) (Table 3) . Overall, in NBG and WBG, the model explains 35-55% of the total variance. However, although the model fit (R 2 = 0.10) was too poor to draw any definite conclusions in Category A (present in the NBG only), it became more significant in Category B and even more so in Category C. Indeed, there were rather similar results for NBG (R 2 = 0.43 and 0.66) and WBG (R 2 = 0.34 and 0.62) in these categories. The regression analysis showed that the overestimation was greater in Category B (slope = 0.64 for both NBG and WBG) than it was in C (slope 0.99 for NBG and 0.80 for WBG). Details on the predicted proportion of GSG are available online (http://ntd.oxfordjournals.org).
Agreement evaluation of the total score
Total k value for the total score was higher in the NBG (k = 0.73) than in the WBG (k = 0.57) ( Table 1) . When concordance was evaluated according to type (NB/WB) and category (A, B, C) (Table 2), the proportion of concordant samples progressively rose along with the increase in the number of glomeruli, reaching 95.8% in the NBG and Samples with a higher score at kidney than at biopsy 84% in the WBG for Category C. Discordant cases at biopsy were balanced between under/overestimation (8.4% vs. 6.7%) in NBG, whereas an overestimation (13.8% vs. 5.5%) was observed in WBG, with a higher discrepancy in Category C (16% vs. 0%). These simple analysis results were confirmed by a linear regression analysis ( Table 4) that predicted total kidney total score close to the corresponding biopsy values. The model fit was good and improved from Category A (R 2 = 0.55, NBG only) to Category B (R 2 =0.75 for NBG and 0.68 for WBG) and C (R 2 = 0.85 for NBG and 0.73 for WBG). Both the biopsy and kidney evaluation were in agreement as to the judgement of the fitness for transplant in 100/118 (85%) and discordant in 18/118 (15%) organs in the NBG and in 29/36 (81%) and in 7/36 (19%) organs in the WBG. Data are summarized in Table 2 and further  detailed in Table 5 , where the improper use of the organ, if it had been transplanted, is outlined. The intercept, the regression coefficient and its confidence interval refer to the angular transformation of the proportion of the sclerotic glomeruli in the kidney. The Spearman correlation coefficient between the two variables (untransformed) is also presented. The Spearman correlation coefficient between the two variables is also presented. 
Discussion
In order to assess donor-related risk factors and guide appropriate transplantation strategies, either clinical [35, 36] or morphologic [9] [10] [11] 13, 15, [22] [23] [24] [25] [26] [27] [28] scoring systems were proposed. In a recent paper, Anglicheau et al. [37] , while proposing a composite clinical/morphologic scoring system, strongly emphasized the role of PTDB. The PTDB procedure is justified on the assumption that it represents the real state of the whole kidney. PTDB reliability was verified on biopsies subsequently performed for the suspicion of supervened lesions [38] or on protocol biopsies on normally functioning grafts [32, 39] . However, both study designs have drawbacks, i.e. the possibility of there being superimposed morphologic changes due to rejection and/ or drug toxicity, the time lapse between biopsies and the scarcity of material. Conversely, our study compared biopsy and whole-kidney findings obtained simultaneously, without any such confusing issues.
Comparative studies between biopsies and their corresponding kidneys are rare and have mostly been carried out for different purposes [40] [41] [42] . Only the study of Muruve et al. [22] had a design similar to our own, but it was specifically focused on GSG and was based on only nine kidneys. Among the numerous scoring system which have been proposed for the grading of renal damage in PTDB [9, [11] [12] [13] 15, [22] [23] [24] [25] [26] [27] [28] , we chose the one proposed by Karpinski et al. [26] due to its extensive application in the Italian transplant centres.
Agreement between biopsy and matched kidney findings was intermediate for tubular atrophy with similar values in the NBG and the WBG, as observed also by Haas et al. [32] . Agreement for interstitial fibrosis was moderate in the WBG and low in the NBG. The better results in the WBG may be correlated to larger samples, thus increasing the chance of detecting focally distributed lesions. Ellingsen et al. [42] reported that the application of the computer-assisted morphometric technique on punch biopsies gave good estimates of interstitial fibrosis. Their better results could be influenced by a biopsy technique able to supply more and deeper tissue than the typical NB, coupled to a more sophisticated morphometric method, which, unfortunately, is not adapted to emergency conditions. The low agreement we observed is disappointing since the correlation between the degree of interstitial fibrosis and renal function is well known in both native [43] and transplanted [11, 44, 45] kidneys.
There was a higher agreement in both groups for vascular changes, with k index values of 0.74 for the NBG and 0.75 for the WBG. These values were consistently higher than those reported by Wang et al. [38] (0.38) and Sund et al. [46] (0.12), who compared the baseline and the subsequent biopsies. These data may be noteworthy, since vasculopathy is considered a major determinant for long- [14, 15, [46] [47] [48] and short-term [16] outcome.
Agreement for glomerulosclerosis was moderate (k = 0.54) in the WBG and poor (k = 0.18) in the NBG, with an overestimation at biopsy in both. This discrepancy may also be enhanced by the cutoff value used for scoring glomerulosclerosis which identifies scores 1 and 2 with the presence of <20% or 20-50% GSG, respectively. Indeed, most of our NB cases that had a score of 2 at biopsy and 1 on the whole kidney had a percentage of GSG close to the value (20%) that discriminates between the scores 1 and 2.
The number of the glomeruli seems to influence the evaluation of the glomerular score, but the minimum number of glomeruli that may offer reliable results has not yet been well defined, with figures ranging from 5 to at least 25 [4, 9, 14, 26, 38, 46, [49] [50] [51] . However, the regression analysis reported herein suggests that anything >10 glomeruli could may well lead to a reliable evaluation. Since NBs performed in an emergency often supply scanty material, this is noteworthy. Since WBs predominantly sample the outer subcapsular cortex, it might include an excess of GSG and consequently overestimate the glomerulosclerotic score [22, 32, 38, 46 ], but our data were similar for both NBs and WBs that provided >10 glomeruli.
Global glomerulosclerosis has been used as the only parameter for the grading of renal damage in PTDB [9, 12, 13, 22, 23] . Therefore, if biopsy overestimates glomerulosclerosis, its higher estimates may lead to the refusal of kidneys suitable for transplantation. Our results showing that biopsies tended to overestimate glomerulosclerosis suggest that this parameter should be handled with caution.
The concordance between the total score at biopsy and that on the whole kidney was fairly good and progressively rose in Category B and C. Even though the best results were achieved in Category C, the regression analysis results indicated that those obtained in Category B sufficed. Renal damage over/underestimation was limited and occurred in both groups.
Our data confirm that the total score is a robust indicator with better performance than individual items, mainly in the NBG. The fact that agreement between the total biopsy score and that on the whole kidney was better for NBG might, at first sight, seem contradictory, as this was not the case for the individual items which were more concordant in the WBG. However, this apparent paradox is likely due to the asymmetry of the sample distribution with discordant evaluation. Indeed, the proportion of samples in the NBG presenting a higher glomerulosclerosis score in the biopsy than in the whole kidney was larger than that presenting a lower score. The interstitial fibrosis score showed the opposite trend. As the total score is the sum of the single items, the opposing values tend to neutralize each other, thus increasing the agreement of the total score.
Opinions as to the primacy of NB or WB are conflicting [32] . Indeed, although the WB carries fewer risks of complications and offers larger quantities of tissue, it allows for only limited sampling of the deeper renal tissue that contains larger arteries, which is best achieved by the NB. Moreover, the longer processing time for WB delays transplantation and increases cold ischaemia time. As our results showed that there was a better definition of the total score for the NB, we favour the choice of this procedure for PTDB 4.
In conclusion, PTDB supplies reliable data on the state of the whole kidney. NB seems to be the best choice as, although the size of the biopsy does play a role in providing reliable information, samples with >10 glomeruli suffice for clinical purposes. The vascular damage is the most faithful of the single parameter in identifying the real state of the kidney, whereas estimation of glomerulosclerosis does require more caution.
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